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I. INTRODUCTION

P
REISACH function based models of hysteresis are currently used in a broad range of investigations and applications [1] - [3] . Generally, these models have good numerical accuracy and capability of prediction. In addition, even if Preisach based models must be considered mathematical models of hysteresis, they have some general features, i.e., the unit magnetic particle, also called "hysteron," that can take into account in some way the macroscopic physical behavior of the material investigated.
The determination of the Preisach function from the experimental first reversal curves can be made in complete numerical way, as shown in [1, pp. 18-24] . Several authors have indicated how the Preisach function can be approximated with suitable analytical functions, whose parameters can be identified by means of experimental measurements (see [2, pp. 442-448] , and [3, pp. 80-92] , [4] , [5] ).
The numerical modeling of scalar hysteresis for nonoriented grain magnetic steels has some not completely solved questions. Among these we mention here the fact that the Preisach function is often not Gaussian, as in general for hard magnetic materials [3] , and the Lorentzian function seems to be a promising candidate. In addition the determination of the Preisach function from the set of the first order reversal curves is not so useful, because magnetic steel manufacturers and users refer to the set of symmetric loops and to the first magnetization (virgin) curve, as indicated by the specific Standards. We will discuss in the next sections of the paper some points about the identification of the Lorentzian function for the approximation of the single value Preisach function.
II. PRELIMINARY CONSIDERATIONS
In consideration that magnetization of soft materials is determined by wall motion, and that this motion is usually unidirectional when a monotonic increasing or decreasing input magnetic field is applied, we can model this fact assuming that the probability distribution of the switching fields U and V, is statistically independent. Then, we can assume that the Preisach distribution function can be written as a product of two identical single variable functions [2, p. 445] , and [3, p. 92] (1)
A possible approximation, alternative to the Gaussian one, is the Lorentzian function proposed in [6] , that can be written as (2) where and are the parameters to identify. Preliminary remarks from measured data of nonoriented grain magnetic steels seem to indicate that the shape of the Lorentzian function, and, in particular, the slope of its ascending and descending parts fits satisfactorily to the shape of the experimentally deduced Preisach function. The Lorentzian function has two useful properties: 1) it is defined by only three parameters ( and ); 2) it allows to write magnetization and its derivative with respect to magnetic field in analytical closed form [6] . In particular, we have, for the ascending branch of a symmetric loop between and The properties above mentioned can be used in the identification of the Preisach function, as described in the next paragraph.
III. IDENTIFICATION OF THE CLASSICAL SCALAR PREISACH MODEL
As known, when the material with hysteresis is modeled via a simple CSPM (see [2, p. 34] ), additional components of magnetization are not accounted for, and the total magnetization is (5) while its derivative is (6) where is the saturation magnetization and is the saturation field.
From the study of the influence of the parameters and on the shape of the symmetric hysteresis loops we have seen that is related to the width of the loop and that the value of is very close to the coercitivity of the material. If we study the function (3) we can see that it has its maximum value for . Since, , , and , are positive constants and is always greater than , we can calculate by
The parameter is closely related to the slope of the symmetric loops at . The value of can be computed, for instance, by (8) where the subscript means that the curve is referred to the ascending (lower) branch of the major loop, and the subscript means that the curve is referred to the descending (upper) branch. Finally the value of can be calculated by the following expression:
We have seen that this possible procedure of identification is rather quick and gives values of the parameters practically coincident with that obtained via the numerical fitting of the experimental using (3), made using commercial codes. Figs. 1 and 2 show a comparison for of two nonoriented grain steels, obtained using the analytical identification approach described in this paper, and a common commercial software (Sigma Plotbye, Rel. 4.01).
We found for the analytical identification approach , A/m, T, while the commercial software gave , A/m, T for the first steel. Again, we found , A/m, T while the commercial software , A/m, T for the second one. In the next section, we will start the discussion about the extension of the Lorentzian function approximation to magnetization dependent models of hysteresis.
IV. REVERSIBLE MAGNETIZATION AND LORENTZIAN FUNCTION APPROXIMATION
In order to extend the use of Lorentzian Function to more complex models of hysteresis for nonoriented grain steels, we assume in the following that the magnetization is the sum of an irreversible and a reversible part (see [2, pp. 446-448] , [3, pp. 53-74] , [6] , and [7] ) (10) We postulate that the irreversible part of the magnetization is given by CPSM, and, taking into account (10) we can deduce (11) where is calculated using (5), and is calculated by (2) . Since reversible magnetization must be zero when the applied magnetic field is zero, is computed by the (12) where is the experimental value of magnetization. In particular, if the Preisach function is negligible outside the fourth quadrant of the Preisach plane (for and ), is the squareness as defined in [4] .
The complete procedure for the identification of the Lorentzian function in a magnetization dependent model can be probably made using again expressions (3), (4) , and (9). Anyway, it deserves further study and we hope to show the complete procedure in a future paper. For the evaluation of in this paper we have used the hypothesis of state independent magnetization (see [3, 
VI. CONCLUSION
We have obtained in a complete analytical way the magnetization and its derivative in ferromagnetic material with hysteresis, using a Lorentzian function approximation of the Preisach function. We have discussed a possible way of identification of the parameters of the Lorentzian function from the measured major loop of nonoriented grain steels, using the analytical expressions derived. Finally, we have shown that the modeling of hysteresis for nonoriented grain steels using Lorentzian functions needs an additional component of reversible magnetization, and we have shown in this case the accuracy obtained, by comparison with experimental values.
